INTRODUCTION
Experts agree that patients with urodynamic stress urinary incontinence (SUI) fall into several groups depending on the urethral support and its functions. Many authors use Blaivas' classification of SUI, which is based on the bladder base position in relation to the inferior margin of the pubic symphysis (IMPS), and whether or not the bladder neck (BN) is open at rest ( Table 1 ). The progress in direct studies of urethra and the usage of advanced imaging modalities (i.e. MRI and real time ultrasonography), will probably soon result in new classification of SUI, which could link hypermobility and urethral dysfunction as inter-related elements [1] .
The differences in the urethral support may have an impact on urethral mobility [1] . Many urogynecologists consider assessment of bladder neck mobility important enough to include it in the pre-operative diagnostics [2] [3] [4] . Despite the consensus on the importance of bladder neck mobility, there is disagreement about the assessment methods to be used [3, 4] . The usefulness of imaging is doubtful as supporting data available in the literature is very scant [5] . Another method used to assess the urethral mobility is a Q-tip test. It involves inserting a sterile lubricated cotton swab directly into the urethra to the proximity of the urethral internal orifice. Movement of the Q-tip of more than 30 degrees from horizontal during strain is indicative of hypermobility of the bladder neck. However, normobility and hypomobility in this test have not been defined yet [6] . Similarly, the usefulness of the POP-Q scale to evaluate the mobility of the bladder neck and urethra has been denied by most of researchers [5] [6] [7] [8] . Cystourethrography in turn allows accurate assessment of the bladder neck and urethral mobility. The usefulness of the radiological cystourethrography to detect bladder neck hypermobility is well documented. Again however, hypomobility of urethra is not defined in this test while its invasiveness and exposure to radiation led to a search for alternative methods of evaluating urethral mobility [5, 9] .
In contrast to urethral hypermobility, hypomobile urethra with urodynamic features of intrinsic sphincter deficiency (ISD) has been for years regarded as an important risk factor for failure of surgical intervention in SUI patients [6, 10] . The reason for this is not fully understood. ISD and hypomobile urethra remain not clearly defined [2, 3, 8, [11] [12] [13] .
Pelvic floor ultrasound is becoming increasingly more popular in urogynecology. The measurements of small pelvis structures with USG showed good reproducibility [11] [12] [13] [14] . Dietz et al. showed that the ultrasound perineal evaluation of bladder neck mobility performed with a transabdominal probe has a good reproducibility, even if repeated 32-122 days after the first test [15, 16] . Recent studies show that pelvic floor sonography performed with 2D transvaginal probe (PFS-TV) may detect patients with reduced bladder neck mobility while such condition had a negative impact on the results of SUI surgery with suburethral tape implantation, even when the surgery was individually planned. In turn, patients with normomobile and hypermobile urethra detected with PFS--TV had a much higher chance of successful SUI correction, even if the tape was suboptimally placed [17] [18] [19] . However, the repeatability and reproducibility of the analysis of bladder neck mobility with PFS-TV has not been established yet.
OBJECTIVES
The aim of this study is to evaluate the repeatability and reproducibility of certain bladder neck mobility measurements obtained with PFS-TV.
MATERIAL AND METHODS
The analysis is based on the imaging results of 92 urogynecologic patients who agreed to participate in the study. The Ethics Committee has approved this study.
Based on previous studies [20] the internal urethral orifice location was analyzed in XOY coordinate system, the center of which was fixed to the lower outer edge of patient's symphysis pubis (point O on Fig. 1 ). C y coordinate reflects the position of point C on the OY axis. Segment H was defined as the distance C y from point O. C x is a projection of point C on the axis OX. Segment D is defined as the distance C x from point O.
For a clearer visualization of individual points and segments they were named in the following way: Ū location at rest: CI, CII, HI, DI, HII, DII ( Fig. 1 ), Ū location at maximum Valsalva maneuver: CI p , CII p , HI p , DI p , HII p , DII p ( Fig. 1 ).
As opposed to previous studies [17] [18] [19] , our location of the internal urethral orifice is defined with two points; point CI is the more anterior edge of the internal urethral orifice, visualized in the ultrasound image as closer to the pubic symphysis. Point CII is the more posterior edge of the urethral internal orifice visualized more peripherally. Segments HI and DI determine the location of the point CI, while HII and DII of the point CII respectively (Fig. 1 ).
Quantitative parameters of the internal urethral orifice mobility were determined during rest and strain evoked with Valsalva maneuver (Fig. 1 ). For quantitative determination of the urethral mobility two parameters were assumed: bladder neck descent distance (BND) and the vector parameter in the XOY coordinate system ( Fig. 1) .
BND parameter is used for direct evaluation of the bladder neck mobility in the vertical axis [10, 20] . It is defined as the descent of the point C along the Y-axis during Valsalva maneuver, cough or Kegel's exercise (Fig. 1) . The CI and CII point of BND at strain is named BND I p and BND II p respectively.
The vector was calculated according to the formula (1) in conformity with the method used by Viereck [20] as the hypotenuse of a perpendicular triangle, the sides of which are the segments ΔD and ΔH ( Fig. 1) :
The ΔH value was calculated from the formula (2): ΔH = H -H p The ΔD value was calculated from the formula (3): The vector's originating point CI or CII during Valsalva maneuver is named vector I p or vector II p respectively.
Pelvic floor sonography was performed on a B-K Pro Focus Ultra View machine with a transvaginal transducer 8848, 2D, 6,5 MHz frequency by professionals experienced in gynecological and urogynecological examinations. The measurements were performed with an accuracy of the ultrasound machine to 0.1 mm. 2D-ultrasound tests were performed at rest and during maximum Valsalva maneuver.
PFS-TV was performed introitally with standardized technique developed by Kociszewski [17, 18] using a transvaginal probe of high-frequency (6.5 MHz, 160° beam angle Location of the CI and CII points on the OY and OX axis; C. Location of the CI and CII points (at rest) and CI p and CII p points (at Valsalva maneuver) on the OY and OX axis; D. Calculation of internal urethral orifice mobility parameters: BND and vector; E. The ultrasound images: on the left = at rest and on the right = at Valsalva maneuver Legend: S -pubic symphysis; B -bladder; U -urethra; CI and CII -points referring to the internal urethral orifice at rest; CI x and CII x -projection of the CI and CII points on the OX axis; CI y and CII y -projection of the CI and CII points on the OY axis; B p -bladder at maximum Valsalva maneuver; CI p and CII p -points locating the internal urethra orifice during Valsalva maneuver; CI px and CII px -projection of the CIP and CIIP points on the OX axis; CI py and CII py -projection of the CIP and CIIP points on the OY axis; ΔHI -parameter BND for the CI point at Valsalva maneuver; Vector I -vector parameter for the CI point at Valsalva maneuver A C E B D ultrasound) in a semi-sitting position of the patient on a gynecological chair. The probe was placed in line with the patient's axis, maintaining minimal pressure of the probe on the tested area. Symphysis pubis (which was the only fixed point of reference), the urethra and the bladder neck were visualized within the screen and measurements determining the location of points CI and CII were made (Fig. 1) .
Statistical analysis was performed in Statistica version 7.1 StatSoft Poland. To evaluate the limits of agreement, Bland-Altman agreement scale was applied. ICC values < 0.20 were considered as poor, those in the range of 0.21-0.41 as fair, 0.41-0.60 as moderate, 0.61-0.80 as good, and 0.81-1.00 as excellent [14, 21] .
For the sake of the analysis of reproducibility and repeatability of bladder neck mobility measurements, every specialist took four images on the same patient (two at rest and two during maximal Valsalva). For every of the four above-mentioned ultrasound images, measurements were repeated twice by each specialist.
RESULTS

Data analysis of measurements from the same ultrasound image
The analysis of measurements of HI, DI, DII and HII taken at rest show high conformity. The biggest compliance was obtained for the HI and DI ( Table 2 ). Point CI was clearly visible in each of the patients, which allowed each doctor to take accurate measurements. Point CII in contrast (more distal to symphysis pubis) could not be clearly visualized (to the extent it was not possible to determine the location of this point) in 4.3% (n = 4) of observations. Therefore, the data related to accuracy of measurements of HII and DII referred to a total of 88 patients.
Reproducibility and repeatability of parameters HI p , DI p , HII p , DII p (at maximal Valsalva maneuver) was very good. The biggest conformity was obtained for HI p and DI p ( Table 2) . Like before, point CI was well visible allowing for measurements with high repeatability and reproducibility while point CII could not be clearly visualized in 14.1% (doctor A, n = 13) and 15.2% (doctor B, n = 14) of patients.
Reproducibility and repeatability of the vector I p and of the BND I p was better than that of II p and BND II p for both: same doctor (intra-observer) and between doctors (inter-observer) ( Table 2) . A worse visualization of the CII p parameter could adversely affected the measurement accuracy and repeatability of these results.
Data analysis of measurements from two ultrasound images obtained in a short space of time
The biggest conformity of measurements taken on different images was for distances HI and DI (Table 3 ). Measuring HII and DII was not possible in 4 cases only.
HI p and DI p . HII p and DII p were characterized by a good repeatability and reproducibility when measured by both specialists A and B (Table 3 ). While parameters HI p and DI p were obtainable with no exception, measuring HII p and DII p failed in 15.2% (doctor A, n = 14) and 17.4% of cases (doctor B, n = 16) due to lack of satisfactory visualisation of point CII p . In such cases the picture of CII was rounded and blurred probably because of the distal localization on the ultrasound beam. The data from those patients was not analyzed. Repeatability and reproducibility of vector I p and the BND I p was good. It was better than vector II p and BND II p , of which repeatability and reproducibility was medium and good.
DISCUSSION
Although many urogynecologists believe that the bladder neck mobility assessment should be included into the preoperative diagnostics of each urogynecological patient [2] [3] [4] , there is no consensus on the measuring method [2, 3] . In many centers no assessment is performed at all. The clinical relevance of urethral mobility in the evaluation of urodynamic SUI has been a source of controversy for years [22] .
Different methods have been used to evaluate urethral mobility. The reproducibility of urethral mobility visual assessment was not examined. This assessment is biased with a high degree of subjectivity [5] . The results of a few studies concerning the usefulness of Q-tip test are controversial. Thorp et al. believe that the Q-tip test is characterized by a good reproducibility and repeatability [7] . There are specialists who question the usefulness of this test. Shek and Dietz believe that the Q-tip test can reflect only the artifacts because the urethra during Valsalva test does not behave as a straight non-elastic tube [8] . The test itself is technically simple to perform. Unfortunately, it often causes discomfort to the patient while inserting the Q-tip to the urethra near the bladder neck, which may negatively affect the results [5] . POP-Q scale is not used to assess the bladder neck and urethral mobility [5] . Radiological cystourethrography is currently rarely performed due to its invasiveness [5] . Compared to such diagnostic methods, pelvic floor ultrasound has many advantages. Ultrasound machines are found practically in all gynecological and urological departments. The examination is cheap, non-invasive, allows real time visualization and multiple repetitions, has a very good resolution and allows 2D, 3D and 4D imaging. This is the reason why it is nowadays used in urogynecologic patients more often [17, 23, 24] . The urethral mobility assessment performed with transperineal 2D ultrasound imaging with a transabdominal probe confirmed good reproducibility of similar measurements [15, 16, 25, 26] . A comparison of three different methods of measuring urethrovesical mobility showed that the Q-tip test and the Sensor-Q had higher inter-observer reliability of urethral mobility evaluation than the ultrasound method [22] . Sensor-Q allows assessing electronically the change between the urethral axis at rest and at Valsalva producing a graph printout as a result. However, Sensor-Q is not available now [22] . The authors did not provide information about the degree of experience of the specialists in the study, which could have negatively influenced the results. In another study the Q-tip test was compared with the ultrasound. Authors concluded that the Q-tip test was inaccurate for measurement of urethrovesical junction mobility and should not be used in the manner described to diagnose urethrovesical junction hypermobility [27] .
Several sonographic approaches have been used for the study of urogynecologic symptoms: suprapubic, translabial, transvaginal, transperineal, introital, 2D, 3D and 4D [1, 13, 19] . There is no consensus on optimal approach to be used for different situations. Also, no comparison was performed between different approaches [1] . PFS-TV is one of the methods recently applied to urogynecology [17] [18] [19] . Recent clinical studies on PFS-TV have confirmed the adverse effect of the CI point hypomobility on SUI cure rate after implantation of suburethral tape [17] [18] [19] . The results of these studies have led to definitions of hypomobile, normomobile and hypermobile urethra based on the value of the vector parameter [19] . It was confirmed that treating the patient with hypomobile urethra (vector of bladder neck mobility: ≤ 5 mm) compared to normomobile urethra (vector of bladder neck mobility: 5 mm < and < 15 mm) was far more difficult, even if the surgery was individually planned. Achieving urinary continence was easiest in patients with hypermobile urethra (vector of bladder neck mobility: ≥ 15 mm), even if suburethral tape was placed suboptimally [19] .
In contrast to previous studies with PFS-TV [17] [18] [19] , we focused on two points (CI and CII) with the intension to reflect separately the position and mobility of the internal urethral orifice. The results of our study confirmed a better validity of CI over CII. Repeatability and reproducibility of the CI point location and mobility was good and very good (0.6710-0.9961), while of the CII point was medium, good and very good (0.5738-0.9944). It was possible to visualize CI point in all the patients. The CII visualization failed in 4.3-17.4% of cases.
The weakness of the study lies in lack of comparison with other methods of measuring urethral mobility including other ultrasound methods. However, we aimed to focus on PFS-TV. Also, it would not be feasible for the patient to endure a long ultrasound examination with many repetitions. Yet, a comparison with translabial pelvic floor ultrasound (transabdominal probe) should be performed in the future as a separate study.
Despite the weaknesses of this study, we believe the results confirm that PFS-TV is a useful method to evaluate position and mobility of urethra for both: clinical and research purposes.
CONCLUSIONS
The possibility to visualize point CI in every single case with very good and good repeatability and reproducibility of measurements of this point's location and mobility, allows the usage of CI as a universal reference point to evaluate bladder neck mobility and position during PFS-TV in clinical practice and research.
